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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a phase 
difference detecting circuit capable of precisely 
detecting phase difference information by a simple 
configuration and to provide PLL circuit using the circuit. 

SOLUTION: Data sampled by a sampling clock which is 
twice the frequency of an input signal is classified 
into difference sample data e1 and detecting point 
sample data d1 on every other sample. Then, an edge 
concerning the input signal is detected (d3) from the 
two kinds of detecting point sample data in front and , 
rear of successively inputted detecting point sample 
data d1 . Phase difference between the input signal and 
the clock is detected through the use of difference 
sample data value e1 between the two kinds of detecting 
point sample data whose edges are detected by an edge 
detecting means and at least one detecting point sample 
data value (d2). 
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d2' ifctK oSDEX-ORy-h26m iSige 
Lfc2o60^O4 £ JJ^ffid 2, d 2 ' OJt^Sft/jitoix 
5^^: C^Oo tit, EX-OR^-F2 6tSfIl/ 
^/u*W*ixfi ITlJ . Wt-Cfcixtf TOJ cD{f-S§-tfs, 
^y ^tUm-^-d 3 t LTffi^tbSo 

[0 0 5 7] iS^Lfc 2O0Sttl J Sty7 9 /W 1 ICoVn 
TcO^ffid 2, d 2' ^RICIl (1 i 1 . fc b< 12 0 - 
<ko) -e&ixff, :w 2oco^tU^-^>^/^d l cop^co 

jtarauiss^Tfi. A*{8*cQmy^as#:j£LTW£i^ 
fl^ttd2, d2' ftmtzzm 

(liO, fcb<J40-fcl) -C*>5r.ttt. C0 2OCD - 
tfeffl^f-^^/V-d 1 ^ ^ O ^ jo V n T A ^ m 00 ^ ^ 

d 3 U ^M^m^ 1 4 tC#t^ri-5 0 

[0058] RUfttuiFB us; a: y s^tfeaasB i 3 m*s 

f£*>r 5 v-mm 1 1 , n 1 2 tc^^ttSo 
[0059] ji3fibfc.t 1 lc^ov^ 

T^n CK2^5y^tliy3*nfc3iS'^»^tfetHf- 
^eltt, mmktti&l 4(C*5V^T9y^igK2 7 
[CA^f^tv. ^ny^CKlT*7yf$ii5. - OSb{^ 
148112 (a) - (c) 'coi 5^45o 
[0 0 6 0] — ^r, -^^^/^ffiSFP 1 1 (c*5VNTBI 1 2 

(g) ^ o y ^ C K 2 T?7 y f fflift SilfcHttlA 

*^^d.l t-£^^T#P>^S?iJ^fiId 2. my v 5 ^ 
lilflf d3ii@l2 (d) ~ ( f ). co J; *J 
^ffid 2f4Bl l^iWi 4{C*3V^^-f-y^2 
9(D»J»{f-g-i if:x r ^fflf§d 3(4^>f y 

^3 0wSU»ft#i*ix5o 

[0 0 6 1 ] 7 y^-|HlK2 7frbm£}£tlZ>^*y^Mm 
^mi^V-^/l-e 1 I4^CO^^^>< y^ 2 9 COS OSB^C 
.tt^StLSiri: tic, - 1^*^2 8 ^«*&SjxT«tt 

^ste^ttr^b^>r 3^2 90s lffi^-i-tt^six 

So ^^fyf2 0H ipJSeffid 2 = 0<Z5t#S OSB^S 
SicSn, Md2=l^^SlS^!giJii5o 
[0 0 6 2] 7;>T y^2 0<omjjtt:X'{ y^3 0<DS E 

ffi^tc^^ttSo *4 ocos N SS^Jdtt r 0 J) 

ofi^^tt^stbTv^So wO^-r ^^2 oota^ttffiffi 

KSHftlli«3^e>OffitS8SS1ft«e r445, ^^Oa 
— ^-X7-f/u^4lc«j(&Six5rfcl^*5o ^ur^>r 
3 0m iy^»lWlfd3=10tf S E «^ 
*5S5jRSlx, ^y^*Ui«#d 3 = 0<Z)^S N S^-j&s 
S*E$ix5>fl:«>, A*«#tcov^03i y ^stftffiStt 
(my^3»ttj«#d 3 = 0) (4, ffitiRS1t« 
er=0tftD, — A^^f-^iCOV^T6Q^ly^^ 



mne r fi. ^-r ^2 9(omz)nxhz> e hku 

-el fcft5 0 

[0 0 6 3] A^lt-^o^TCT)^ ^ v^l&tti ^ixfcfc 

# (^yistkmm^d 3 = 1) ^i»i4to 

5 0 113 (a) ( b K H 1 4 ( a ) ( b ) ti, 
^fr&M\^fr2^<D&m&~9->y p /l> an . an+2 ORItC 

[0064] m-rm 13(a) (b) mm&y->-7 

/Wan Ogffi^ottt^ffid2' = 0fcft9, Jfcfcb 
OStt^jEOfi-espJ^ffid 2 = 1 fc * 
ofcf^fe^o V^<5tl,C^)^ 1 b^^±S^^>'7 P /^an . 
a n+2 (DWfemd 2 ' . d 2 (Offi^ftfc 5 xy^ 

9. *-T^3 <ms E MS^SKSttSo ^LT, 1ft 
ffi,fit>>-://Wan+2 (O^IJ^ffid 2= 1 -efcSfcft, ^ 

[0 0 6 5] Hi 2^Lfc*-f 5y^bt)^5J:5 

tC, tttHjSfy^an . a n+2 fCS^l^T .X >f ^ 2 
9, 3 0^ffl*4xfc^T*A^**L53Qy^WII^^ 
Zf/Ue 1I3\ A/DKSIS2{C*5V^TtfeffljS*>'^a 
an+2 OfB^>f ^ ^^T^V^y V^^tbfc^ 
— ^ a n+1 "C.*>5o 

[0 0 6 6] SI 13 (a) <om&\L xy^Kif^ 
/Wei (a n+1 ) /^CQfit (e 1 < 0) *C fc o fc fc 
£o 0*9, t^y^^tT^an , an+U 
a n+22> h m^-TZ X 0 ftXjjm-fjrtDiLJz 9 
-C#5*£"T?fc5o 2 CKplCfcH, 

lify^e 1 (an+l ) CO^fc i~£ ^ fc J^T^ £ 0 

*>f ^7-2 9f2S iSH^saKSixTv^5 r fc 
xy^Hat^eix (-1) <0«35Sffiffi 
»^««e r fcft£<, 
[0067] 813 (b) fi, 113 (a) fc H3«l£A 

K^-^/Ue 1 (an+l ) ^jEfiOffi (e 1 >0 ) Xfo 

itV^el (an+l) Ofil f 5 - fc &X * £ c * 
It^^^, 5^2 9teS lffl^alKSixT 
i05rfcM±9, xr^it^eix ( — 1 ) (D 
mWftm&tiMe r fcftSo 

[0 0 6 8] d OH 13 (a) (b) O J: ? ^;I;t&tti,&+> 
:/;7 , 7w a n+2 <Dfl£fi[ d 2 = 1 fc ft o fc*^<Offiffl»|| 
1t#e rtt|13 (c) 0±5(C<c5. o£ <9 . xyi; 
Sit^^e 1 (an+l.) &<&<D$&(el<0) Xh 
ixtf. A^{f*Ottffia*X355«fcaSixfcwfc(cttQ, o 



4$fH§¥9-2 4 7 1 3 6 

^y/Ue 11* (-1) fg»Si52 8%lfrl,Xm£}£tlZ>tz 
ttffilftfflKf* e r = (- 1 X e 1 ) fc 4 <9 . =c y 

rttiEOffifc/jrSo w<^ffifflRII««e r <£>«^. ffi 

w fc fcft£ 0 

[0 0 6 9] Sfc, xy^Kify^el (an+l) 
&3E<DU (e 1 >0) "Cfcittf. A^lf ^lifBit^ 
^ffi£;Jxfcr fclcft^ oS5^B.y^2CKpOfi« 

r, w^tx^^gfy^ue ltt (-D 

«2 8&^LTtti;&SK5fc** ffctBttilfflMK e r = 
(- 1 X e 1 ) fc ft 9 , xy ^iftll"^ >"7Vw e 1 telECD 

«T*>Sfc«). ttfBMfgtiHBe rlW©«t45. 
[0 0 7 0] M14 (a) (b) te. ^m^t>^^ 

/Wan ^ffitt^^tt^J^ffi d 2 ' = lfcft<9. tfeffl 
CDM^A^T^J^fld 2-0 fc ft 

ofc+^^T^fc^o iUl 4 (a) (b) COV^txCO^^t 

^tU^+>V^/Wan . an+2C0*(J^fii:d 2 ' , d2(Of 

4feffl<B#d 3 = 1 fcftQ, ^-T y^-3 0(^:S E 
^^H^o ^LT, CO^J^Itt d 2 

[0 0 7.1 ] ^rT*[lil4 (a) ais'^K^^ 
/We 1 (an+l ) ^^cojg ( e 1>0) T?fcofcSH^T? 
fc^o 0^(? x fy/yy^StlfCT-^an . an+l 

. an+2 j&^B^-fSJ; 5 ftA^ffi #©S:Tds 9 ftjg 
(c»bA^;ffi#offiffittiljxT*5 9 , -^(OffiffiKllifi 

xy^Sify^e 1 (an+l ) (OfittS^t^'t 

^LT, y^2 9«S oss^dss^Sixrv^ 
5 w fct-^ 0, x^^iify^e 1 OffidSJt^SS 
Miittie r fcft^o 
[0 0 7 2] 114 (b) I*, 11114 (a) fc Hffi^A." 

^Klt^^e 1 (an+l ) ^A^fif (e 1<0) t? 
fo->fzWi^X£>Z> 0 Z.<D-m^, Wy? 2CKpC^tL 
AAfI-^©ffiffittiiA/-e*5 9 , *©ttftRii(±x y 

iit^^e i (an+i ) _<Dffifc-r5;:fcas-e£5 0 

TV^5CfciCJ: 9. Xjy^Rif^/Ue 1 COffi^ J^CO 
**fit«»a«f*e r fc#5o 
[0 0 7 3] ^Ogjl4 (a) (b) <7?<fc 5«IUM 
V^/Wan+2 CO^J^fitd 2 = 0 fc ft o ^ct^^OfiL^^^ 
1t#e rliHl 4 (c) COi5t-ft5o o£ 9 , ^ y ^ 
^ify^e 1 (an+l ) ^iE^fit (e 1 >0) Xfo 

tttf, A^«#offi«giX35Stftffl*^fccfc^&5. ^ 

o y ^ 2CKp<D{iLft&mb1tZ>£0 ICftllftli-^t r fc 



(9) 



ftlfi^ 9 - 2 4 7 13 6 



e 1 (ijE^M^&afcfe, ffitlKfltfMte r IS IE coffin 
[0 0 7 4] Sfc, xj/^Sit^e 1 (an+1 ) 

&&(Dm (e ko) -e&ixn. A^ffi-g-offiffiji*^ 

fc3t**5J:5l-M»^*C4:a s *tll**v5. ^b 

[0 0 7 5] KSIfetHfflSl 4 13. g]l lt£*bfcfl8Sft 
«±<&± 5ftffiffi»2Stf«e r Otftffl^Sfi 1 - 

/uPLLHIK-ett, ®B««S:lt*S*Sr £ft<.SS» 

3£2 cof-V^y >^ n^at^o s^4f-f§-2 CK 
— ^ n y^Srfflwr-iJ-VT'y J: 5 

ftl^^y V^KM*^C04v^«*<D^n y^fi#C 

t& mnmma &m&<o{SLttmm#im& 3 -cum s *t a 

t<0£ft5c 

[0 0 7 6] 3. g| 2<0^v^/UP L L[n]g&#!i 
I2^^/VP L LHlK^JSrig 1 5~H1 1 8t^t 

^^/w^SPl 5 lei: 9 AMtrotv^y is?*?— 

[0 0 7 7] A^«#ttA/D«lfc*2-e'9-^y 
**L5toJtT-*>5*^ A*m**jEffiifc£ffi3&L;fc4:£ 

/D^*8S20^*^^5 y 9 U^^^i*5V^Tla 1 6 
(a) (0± 5 left 5* oSDty^r-^li^o** 

16 (b) (c) (OX 0 IZ^^T'/Uyt—f (DfrmcD 

[0 0 7 8] :©DC*7ty >f£$He± 9. fltfBKM 
ttttJltif^tefev^Tliiai 7te^-rj: 9ftJ^#^Sit5^ 
£teft5 0 «5ttfHl 7<0*j|i:DCt7ty 
ftV^^|c^o^5{it@^^ttSlb^i: LT, JtafiUfcH 
13 (a) £H«|e*LT^Si:t-ao -CO^. Jbifc 



e 1 A cO^i LT^ffi^tb5c 
[0 0 7 9] £ :5«iDCt7ty h^c^tc J; Q , 
7 P ^7-nn , an+1 , a n+2 CQffitfSffitfft JLt^-J- J; 

«aS{fcffi»Sttf« e r i: bT^ffi£ttT b£ 5 0 o£ 5 
DC*7ty hj*#ie± OffifBKftflMRe r l^tftSE 
»tfS£D. P L L n y ^ » W$£tt<0^WfJ4 1 t 
ftoTb£5 0 

[0080] *r"e*W"C»^>f ^^7-</u^sb 1 5£ 

9* - * «:tt*B»®fttti« 3 ic^-T 5 J; 5 le Lt v n £ 0 
AvX^/l^fiSl 5li, #i|x.l£ a— s<*-7^/l># 3 
l<tS^3 2T«Stt5o A/DSeife»2^fo(0'ttl 
/\->? 3 1 i:^»^3 2 tC2t3&£ 

^ «3M§3 2tC*5V^TA/DaE» 

*2^iboffi^7 ff — ^^b«*stbScfcT. ^-r^ 

[0 0 8 1 ] w<0 ± 5 ft^-f ^^7>f /u^SB 1 5 Sr^i" 
DCt7tyhS:fe4lfc«i8S, T>f^* 
— bT^bfct><0^g] 1 'stfci. A/DaE»S2 
^ffi^{CoVNTOT-r^^--^^^|x.f^g] i-s (b) CO 

# — ^T?^ 018 (a) ©±5i:DCt7ty^ 
as^*S*tfcfc^i:ft5o ^>£9. ffifflKiStfettiS3le 
A^^a^V^/Wx-^teif Dif^lcMLfc- * 
fcftD, rofcfeteffiK^taS3fc*5tt5fifc*SRM«l 

co^»fift<ft9.-Cix|cJ:0»a[S:<, S^bfcPL 

/I'^SfBl 5Srn— x^^7>f /u^ 3 1 2\c£ *) 

[0 0 8 2] 4. SSOf^^/WPLLHIBW 

3 tDri/^/^P L LIUKMSrS 1 9-0 2 1 T>K 
^i~6o ^coW-ef±, HI 1 9 (c^-TJ: 5 letetHK^I&tti 

-^tti^l 6 (c«t 9*aSixfc^^-<n — ^"ffiSrD/ 

=1^ ho— /uSrfi^ft 5»J*;i: b'CV^5 0 
[0 0 8 3] Jt3*bT#fc±5^ffiffi»^*ftttlS3te*5 

wattffiKfStftm^a-ett. ^o&ffi^is^e r com 

(i, m^^lftfflf-^^e 1 (U<-lXel) 
tx^o ^oT, A/DSE*$ixfcA^«#«)>ctSlcJ: 

5 0 
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[0 0 8 4] Z<DZbfc^ A^ff-^OU^A-^/h;*^ 

fHasj&»j&»ofc?K i£tcA;^m^i^/W^*:#v^ PL 
Lib^&^iMfcft ^o^f-SLXn ^ ttv^ 
5ffiffi*«»S -» feixfc 9 - i * if 5 - i: 

ft£ c 1*122 o (Dmmi*At}m-%-<Dus</ufr,\^\,^ 

TVn§ 0 ^ft^h^i&^SrJfc^X, ffi«RIHf«er© 
fiffi, ffiti»S*^^/KZ?1lT?*>5 e l c , e 1 D <DX 
5 :tiia<)PLL 

[0 0 8 5] :o± 5^A^u-</^o^/h{cj:5^fI5^ 
«r»*Hi-SJctt, A/D8E*«2^e>a^Sii5f f -^ 

[0 0 8 6] *£T-#0y-ef*, WiftffiS3CA^ 
SixS-r — *l£oVvt\ m^^n — ^tttHSBl 6^ n #| 

»c^:iSfc«£ES:A/D*JfcS2 5 

9. A/D£ftS2Xli#J;ttfia2 1 (a) ©JzpMA 

®id[U2l (b) coi: 5(-A^/«-g-f</W3&5/hSv^ 

[0 0 8 7] £*tfc:«J:9. v><5*Ltf>4&^Xt. 

*fe tii » 3 t C A * £ ft 5 T — 9 <D ?L ^ a - -? u ^ ;V \$ , 

3t?ftttJSix5fictB»^Wa(4, P L Ll^MSEftJS 
^tt Sr«ott* £ 4x 5 ^ i: ft 5 0 
[0 0 8 8] 5. H4 CO^v^A-P L LlfilKW 

S4^t^^/^p l L0g&0!i£:ia2 2-et^^-r^o :<d 

i: ^tt 5#!X£>5 0 
[0 0 8 9] &ffi^M1^tU^3 ^A^^tb5^-^i-o 

^XCQ^^-<n — :7"W</U£;0&— ^tCtfcOlCi^ A/D 

&*»2 0A;fr«lc*5V^ A*flr#o«»u^</uSr— 



1 9 £gfi-^£ <£ 9 LXV^5 0 * Lrffi*l»M«lttS«3 
MA^£*x5x — ^tcov^T3l>-<o— ^fttijasi 6^ 
x^p^y^^ftffiL, *OtS:D/A«R«i 

#S:AGCiai»l 9 t^7-<— K^y ^ 
tTft;fc?tL<5 J: 0 lc bxi N -5 0 

[0 0 9 0] AGCHIKl 9Xtt. JfclMFM 3tW^ 
WSfflU 4 2SKtt^jftTV'>5 0 Jfc&BM 3 KfiSipi ft 
^xy^D-Z^/wfe Vref dSK£SixT*5 9. 
-(DSSpxy^n-^tevBp.i, D/A«««18 

>^^4 4{cfeltSA^fS^^i-4^>r^U'-</uS: 
*JfflI-t~5o fiP*>r©AGClHlKl 9 J; «9 . A^f-^& 

ttTd»feA/D^*S2 (CA^S*t5t>coi:&5o 
[0 0 9 1 ] ^JxtCi: 9. tt*B»H«lttS« 3 (ClA^ . 

«ia«3^ttai*tu5ffitBRM««tt, PLLlf^l 

[0 0 9 2] 6. -^SO-r^^/UPLLIelKWI 
H2 3(^i-»5O^^/UPLL|HlgS0iJt. S3, $S 

Sr^VNfcv^ ^tci^o J: 5 lets r i: t^"e*>-5 0 
[0093] ffiffi»^4ftttJ«3jcA^S*t 

5 — ^ td o V ^ T CO m n — ^° l/^</W £r P&— S 
fzfr\C^ A/DS««2 0Htra{^AGC (2f— 

[0 0 9 4] AG C [e3E§ 1 9 tdtt. i£jR£B4 St^^ 

(^sa-rsy-Y v'u^/usrfflffli-ra. fip*,w^AGcnu» 

1 9«c«tt>. A^m^&^fiS^mjEffiVREF ^g^tc: 

y-r ^is^nt^ e> a/d^»bs 2 a^j 1 ^> 

<hft^5o ^tLtcJ:«9, ffite^M^tiJ^StcA^^^^^ 

■f, w— «^«fcjx5j: p(dft9, fltti«a*a«3T? 

*ffl3ix5teffi»3ett«tt, PLLlft^igiEftjs:^ 

. [0 0 9 5] 7. lewf^/VPLLElBtai 

H2 4{C^-r»6(Ov f ^^/UPLLIlIKWIt, i3-f 

SCO^v^^/uPLLlHjSg^Jt^^^S^X, PLL0K 

X »ffiffilS2Stt tti« 3 A^f S ix 5 f*— ^ o ^ x 31 ^ 
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[0 0 9 6 ] mii*LfcBl2 O^fefc^Si 5td, ffiffi^ 

V\ P LLEIKt LT(Oi£«tS^»Ur US 5o 

2§ 3 CA^J $ ix 5 ?<dx- u — -? % — ^{fco J; 

[0 0 9 7] 2 4 EC^i~ J: o R^tfefflSB 1 4 

*LTl^ 0 CCOfK e r p^^^K^^^-r^twfi. 
*ffie r p ir^^o— ^ffllfBi e-etfemSixfeA^f* 
- ^ icov n T co^ >-^< n - 7mx+mW -frfrte x. t£ «t v \ 

fpjJHgl 7Wffi*?:«iftf&e r -Oft 
ffl»f£W*e rtcttA*fS#-^#S(cJ:5*i6H:S>fe 
t?jx*V^ttC<c5 0 t£oT. A^m-^-^-^/i-V^il^^ 

[0 0 9 8] 

tti^i^v^^— ^cOmj^2o£D^ffi^-^>'^/^--^ 
^feA^fS#icov^TO^y^S:«^ttJ■^So ^Uxy 

v^^m sixfc 2 oo^tts^-^^^/v^— ? <om<omm 

fry*— ^GQffi£:/B^T, AM^t^os'^©Hofl:ffi 

[0 0 9 9] #tCP L LlHlggi: ttfi, ^n^M 
7 p yy^^a^^i:ttfflv\ »#*ffcSixfcA#flHi- 

. x±mmj&<DiSLftmm&m\B}&x? u?? \z.M~rz>$m 
mmmm*tkm^z>£?\z-Fz>^tx\ ^*?—?u y 



[0 10 0] roip^^^^/^PLLEKtCfe 

*7-fey h»*^aSr^U-C^6te«»S*tH#ai^A 
^**X5 J:5(-«riE-rS-4:T% A^ff *ldD C^^ir 

[0 10 1] J^^ro^^^f^^^PLLlElK^ 

«a^a* s A^$*b57 tf ^^/^--^{co^T03i^^< 

im 1 ] *f&^Ojg 1 <733UfiOJKffi*C*5tt5 P L LlHlSS 

[H2] *J6^ffi<DP L L|HiK(Z)ffl:ffie^ttii!i^co 

[B3] v >y*i/u-?<DjMm<Dmmmxtb% 0 
[Eii o] ^co^coii^^m^o^^^ttigp 

[El 1 1 ] IIMo®«|offifflRII«lll*©R|g«tHWO ' 

[Bi2] mm<omm(D^mmmmm<omm^km^(D 
[mi 4] ^ifeo^tto^nssttusoMsiftain^ 

[015] *«Mo»2<D^lfio?Bffite:*jJt5PLL[Hl 
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[HI 61 DC^ir y YVL&^ls-fy V^f-^^ 

[Ell 8] ^2(7?Sllfi<75Ji3JflBJC*5tt5^>f 
[SI 1 9 1 *3SWO»3<?3|ll6«)»ffllC*5W*PLLia 
[020] A^?u-</K!D^ttJCj;5ffi*aKS«a^^ 
[021] «3<0*lfi(0»tt(CisJt5»fp<0|ttWia-T?fc 

So 

[02 2] **M^»4 0|llfiO?g«8(C*5tt5PLL|Hl 

[02 3] **M(0®5-(O^Jfi<0^1IS^*5J+SPLLlH! 

[02 4] *^OS6(^KlcoM(^lt5PLL[i] 
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